ABSTRACT
INTRODUCTION
The application of diversity indices is common in ecological analyses (Izsák 2007) . Besides this, the concept of biological diversity is a central issue in quantitative ecology that has been studied extensively for over 50 years (Patil and Taillie 1982; Magurran 1988) . Several indices have been created to measure the diversity of species; however, the most widely used in the last decades are the Shannon (1948) and Simpson (1949) (Buzas and Hayek 1996; Gorelick 2006) , with the components of diversity: richness (S) and evenness (J). However, there is controversy about what index should be used in each community. The main reason for this confusion is that the diversity indices combine in non-standard way two independent attributes of communities, the number of species and their relative abundances (called evenness or equitability) (Ricotta 2003) . Simpson (D) diversity is a good measure of dominance, but is not a good species richness predictor. ShannonWiener index (H) is an intermediate measure which balances both diversity attributes (Melo 2008) . This shows that biodiversity cannot be evaluated just by one metric (Purvis and Hector 2000) . As an alternative to try solving this limitation inherent to different indices, studies have emphasized the importance of families of indices (Aczel and Daroczy 1975; Daroczy 1970; Patil and Taillie 1982; Rényi 1961) . Despite having a relatively long history in ecology, these families have not been investigated or used as intensively as they could, although there are studies relating them to biological communities (Keylock 2005; Mendes et al 2008) .
In this context, another type of index that has been recently studied is S q* , which is based on the parametric diversity measure proposed by Patil and Taillie (1982) and its corresponding evenness. The purpose of this index is to balance the rarity with evenness, giving a biological apparatus to better understanding of diversity in biological communities. In this investigation we used a long term (eight years) dataset on the incidence (presence-absence) of macrophytes in the Itaipu Reservoir-Brazil to evaluate the S q* . Results were compared with other more traditional indices, such as H and D. This type of analysis has been rarely used in studies of aquatic environments and, therefore, this work might offer a contribution to improve the possibilities of using new indices and the understanding of patterns of diversity in these environments. 
Study Area

MATERIALS AND METHODS
Samples were taken at approximately every six months between April 1999 and January 2007, in 235 stands distributed in eight arms in the Brazilian (east) side of the reservoir. In each stand, the incidence of macrophytes was monitored using a standardized sampling effort which consisted of searches carried out by three people in a boat at low speed and using a rake to verify the presence of submerged species. The dataset consisted of species presence-absence. Thirty points were sampled in each arm, except in the Arroio Guaçu and Pinto arms, where there were 26 and 29 points, respectively. Each macrophyte stand was georeferenced with a global positioning system (GPS) Garmin ® . To maximize the spatial analysis of each arm, the sampling sites were distribuited from the mouth of the tributaries to the places positioned close to the reservoir main body. The species that were not identified in the field were herborized and analyzed later. The identification of the collected material was carried out with the help of professional literature (Cook 1990; Kissman 1997; Lorenzi 2000; Pott and Pott 2000) , and most species were deposited in the Herbarium of the Universidade Estadual de Maringá. 
Data Analyses
The calculations of diversity indices were performed from the data on presence-absence of species in the sampling stations. These data were converted into frequency data by dividing the number of times the species were recorded by the total records of all the species, referred as relative abundance ( i p ), which was measured as:
where i n is the number of stands in which the species i was recorded. The values of relative abundances ( i p ) were based on the frequency of occurrences (incidence based data-set) and not on other measures of abundance (e.g., density or biomass) because of two reasons: (i) macrophytes are mostly clonal what makes very difficult to separate individual organisms and (ii) given the high number of sites surveyed and logistic limitations, it would be difficult to measure biomasses in all samples. According to Magurran (2004) the number of sampling units in which a species occurs may also be used as a method to estimate abundances. In fact, this approach has been successfully applied to measure the Shannon diversity in macrophytes assemblages (BaattrupPedersen et al. 2002) . With the relative abundances estimated with frequency data, the Shannon (H) and Simpson (D) diversity was estimated. The other index used (the target index) was the Sq * (Mendes et al. 2008) , which was from a family of diversity indices (Evangelista et al. 2009 ). In this work, a simplified methodology was developed for determining this number, using the software Mathematica 6.0 (Wolfram 1991) , in which all the indices of diversity were also calculated. In addition to the diversity indices used in this study, other components of diversity were analyzed: richness (S: number of species per sampling station) and Pielou evenness index (J). The values of evenness tend to zero when one species dominates the whole community and, when the species have abundances very close, this value tends to 1. The dominance curves (Whittaker plot) were also prepared for each of the arms examined, as a way to visualize the two components of diversity (the number of species and the evenness).
The Pearson correlation values among the indices (Statistica v.7 software, StatSoft 2003) were estimated in order to analyze which indices were more related to the values of Sq * . However, because the same data was used to estimate all indices, the significance of correlations was not tested. Thus, first an analysis was made to assess whether there was correspondence between this new index and other traditional ones. Then the correlation analysis allowed assessing which attribute of the community of macrophytes, whose results were incidence based, best explained this index.
RESULTS
From 1999 until 2007, 53 taxa of macrophytes were observed in the eight arms of the Itaipu Reservoir, belonging to 28 families, of which one was identified to the level of family, 17 to the level of genera and 35 to species level. In more recent collections, many of these genera were identified down to species level, but in this work more conservative identification was preferred in order to maintain the consistency of data obtained since the beginning of the collection in 1999. This choice allowed comparing the data using longterm dataset. The distribution of relative abundances (based on incidence data) of the species was similar in all the arms (Fig. 2) . However, slightly higher evenness values were found in the arms with the highest species richness: São Francisco Falso, Ocoí and Arroio Guaçu, with 46, 43 and 43 species, respectively (Fig. 2) . The arms with higher values of diversity, according to Sq * and D were Arroio Guaçu, followed by the Ocoí and São Francisco Falso. Using the H index, the arms with higher diversity were the same as those found with the indices S q* and D, but in different order: Ocoí, then the São Francisco Falso and Arroio Guaçu. It was worth noting that the Sq * index presented larger oscillations (1.94 to 6.23) than H (1.73 to 3.01) and D (0.75 to 0.94), indicating that this index enhanced the differences among the samples (Table 1) . Moreover, the values of q* were always lower than 1 (0.57 and 0.91), moving away from D and approaching H and S (Table 1) . Thus, they were closer to the Shannon index (q tended to 1) than the richness (q = 0) or the Simpson index (q = 2). The correlations among the indices were relatively high ( Table 2 ). The highest values of r were found with the index H in Arroio Guaçu and São Francisco Falso (r=0.98) and with S also in São
Francisco Verdadeiro (r=0.97). However, J had low correlation coefficients with the index S q* , and the major value founded was in the arm Passo Cuê (r=0.66). 
DISCUSSION
One of the recurring difficulties in studying the patterns of diversity is to estimate accurately the actual number of species of a given system (Gotelli and Colwell 2001; Peet 1974) . Proper application of the contents and attributes of the community is the more realistic framework to respect the characteristics of the assemblages, because the actual number of species is difficult to determine. An alternative way of expressing the diversity is the use of indices, which include two attributes: the number of species (or S) and evenness. In this work, the values of Pearson correlation (r) found between the new index (S q* ) and other classical indices as well as with S, were high (Table 2) . Indeed, the highest correlation between Sq * and H illustrates the role of Sq * as a predictor of rarity, because the optimal value q* is related to the minimum evenness in the sample, so the index that Sq * results is associated with a possible measure of species rarity (Mendes et al. 2008 ). This perspective is also evidenced by the relatively high correlation with the Simpson index, which emphasizes the dominance. When there is a strong dominance of one species in the community, it is expected rarity of others. In this framework one could expect some significant relationship between Sq * and Simpson index. The analysis of r values between the Sq * and evenness were much lower than those obtained between Sq * and the other indices. These results indicate that Sq * is more sensitive to the rarity and species richness, as already stressed by Mendes et al. (2008) , but less affected by the evenness. From the mathematical point of view, this result is also consistent with the definition of Sq * , defined as a point of minimum evenness. As seen, evenness is linked to the index H, while the new index, Sq * , which is connected to the minimum value of evenness, generally does not have to be directly related to this attribute of the community. Indeed, it is defined from the extreme (minimum) values of a family of curves depending on the parameter that define them. In fact, the evenness is a measure of the global distribution of species in a given sample, and the general index associated with it, by analogy (i.e. E q* ), is an index established from the minimum of this sample. Likewise, the new index Sq * is the result of extreme values of q. Thus, there should be, in principle, no reason why these two quantities (Sq * and J) have values close to or are dependent on each other. This was the reason explaining the low correlations between them in all the studied arms. The use of several diversity indices improves the analysis of the dataset (Ricotta 2003) . The adoption of a wider content -both emphasizing the richness, as the rarity/dominance -adds to the theoretical efforts to obtain a more complete picture of the complex phenomenon of the diversity in biological systems. In this sense, S q* has an advantage over other indices because it depends on a parameter q* which is unique for each community or sample analyzed. In other words, with regard to the content S q* , the value of the parameter q is a property found only for a specific system (in the present case, a sample or a community) and it acquires a specific meaning because it is determined by the sample itself to which it is applied. This approach could be considered a new perspective when indices are used to analyze the communities (Mendes et al. 2008; Evangelista et al. 2009 ). It is worth noting that when the S q family is used as the Tsallis entropy in the statistical mechanics, there is no clear criterion for determining the optimal value of q (Mendes et al. 2008) , unlike what occurs with a biological community. In fact, in community ecology one could always choose the best value of q as the one that minimizes the amount that represents a family of evenness (Eq), which is peculiar to each sample or particular community. In this sense, S q* represents a completely different meaning compared to other indices, which are based on a single value of q, among the infinite universe of possibilities (q=1 for Shannon and q=2 for Simpson). In addition, the study of the families of diversity indices could be easily accomplished by the means of computer programs such as Mathematica (Wolfram 1991) and R (Oksanen et al. 2005) . Thus, the results of the present study showed that parametric indices had great potential for use in the biological contexts (Keylock 2005; Lovei 2005 ) and represented the most complete and comprehensive mathematical tool in studies of diversity.
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